Unhealthy eating behaviors often develop in the setting of inadequate inhibitory control, a function broadly ascribed to the prefrontal cortex (PFC). Regulation of inhibitory control by the PFC and its anatomical components and their contribution to increasing body mass index (BMI) are poorly understood. To study the role of PFC in the regulation of inhibitory control and body weight, we examined measures of cortical thickness in PFC sub-regions, inhibitory control (color-word interference task (CWIT)), and BMI in 91 healthy volunteers. We tested the predictive effect of PFC sub-regional cortical thickness on BMI and mediation by inhibitory control measured with CWIT. Measures of depression (BDI-II), anxiety (STAI-T) and trauma-related symptoms (TSC-40) were collected; the disinhibition scale of the three-factor eating questionnaire (TFEQ) was used to assess disinhibited eating. We then tested the relationship between BD-II, STAI-T, TSC-40, TFEQ, CWIT, and BMI with correlation analyses. Right superior frontal gyrus cortical thickness significantly predicted BMI (β = -0.91; t = -3.2; p = 0.002). Mediation analysis showed a significant indirect effect of cortical thickness on BMI mediated by inhibitory control (95% CI = -6.1, -0.67). BMI was unrelated to BDI-II, STAI-T, TSC-40, or TFEQ scores. We found an inverse relationship between cortical thickness in the right-superior frontal gyrus and BMI, which was fully mediated by inhibitory control neurocognitive performance. Our results suggest possible targets for neuromodulation in obesity (ie superior frontal gyrus) and a quantifiable mediator of their effects (ie inhibitory control).
INTRODUCTION
Obesity and overweight are major public health concerns (World Health Organization, 2015) . Obesity is associated with increased risk of morbidity and mortality from several serious medical illnesses including cancer (Vucenik and Stains, 2012) , heart disease (Lu et al, 2014) , metabolic syndrome (Alberti et al, 2005) , and others. Body mass index (BMI) is the most widely used measure to differentiate a healthy body weight (18.5oBMIo24.9) from overweight (25o BMIo29.9) and obesity (BMI X 30). In obesity, BMI elevation results from an energy imbalance, occurring when calories consumed exceed calories expended. This is often seen in the setting of inadequate self-regulatory control over unhealthy eating behaviors (Appelhans et al, 2011) . Given the substantial relationship between unhealthy eating behaviors, elevated BMI, and enhanced risk for serious medical illness, tighter regulatory control over eating behaviors is a critical component to successful treatment of obesity.
An increasing amount of evidence identifies inhibitory control as a critical neurobehavioral correlate of BMI (Vainik et al, 2013) . Inhibitory control can be operationalized as overriding a planned or previously initiated action, or as inhibiting the prepotent processing of task irrelevant information (Bari and Robbins, 2013) . Some of the standardized neurocognitive tasks available for assessment of inhibitory control include the Stop Signal task, the Go/No Go task and the Stroop task (Chambers et al, 2009) . The majority of studies comparing obese and lean subjects found impairments in inhibitory control in the obese group (Nederkoorn et al, 2006; Weller et al, 2008; Davis et al, 2010; Mobbs et al, 2011; Fagundo et al, 2012; Calvo et al, 2014; Mole et al, 2014; Chamberlain et al, 2015; Grant et al, 2015) ; however, not all studies are in agreement (Nijs et al, 2010; Hendrick et al, 2012; Loeber et al, 2012; Bongers et al, 2014; Hume et al, 2015) . Poor inhibitory control performance has been shown to predict future weight gain or lack of success in weight loss during a dietary treatment regimen (Nederkoorn et al, 2007; Pauli-Pott et al, 2010; Weygandt et al, 2013; Kulendran et al, 2014) , and is also associated with higher food intake in eating laboratory protocols (Appelhans et al, 2011) .
Binge eating disorder (BED) (American Psychiatric Association, 2013 ) has a prevalence of 1-3% in the general population and of about 25% in obese subjects seeking help for weight loss (Pull, 2004) . It is associated with high scores in standardized questionnaires on eating behavior such as the disinhibition scale of the three-factor eating questionnaire (TFEQ) (Hsu et al, 2002) and with substantial psychiatric co-morbidity, most notably anxiety and mood disorders (Hudson et al, 2007) . It is currently uncertain whether binge eating is related to impairment in inhibitory control (Davis et al, 2010; Calvo et al, 2014; Maranhão et al, 2015) . Enhanced clarity as to the role of binge eating and inhibitory control in weight gain is important in order to facilitate the development of more effective personalized treatment and prevention strategies in obesity.
The prefrontal cortex (PFC) has a critical role in controlling/inhibiting negative impulsive behavior (Szczepanski and Knight, 2014) . Lesions within the PFC have been shown to be associated with impaired performance on tasks including the Stroop task (Perret, 1974; Vendrell et al, 1995; Stuss et al, 2001) . Among other factors, traumatic experiences have been shown to be associated with reductions in cortical thickness in the PFC (Geuze et al, 2008; Sadeh et al, 2015) . The functional role of PFC in regulating food intake is now well established by the findings from functional brain imaging studies in humans. The PFC is recruited when subjects successfully exert self-control in resisting tasty but unhealthy food (Hare et al, 2009) , and when subjects use cognitive reappraisal to downregulate their motivation to consume desirable food (Hollmann et al, 2012) . Lower baseline prefrontal metabolism has been correlated to higher BMI in both PET (Volkow et al, 2009) and SPECT (Willeumier et al, 2011) studies. Further, greater neural activation to food images in the PFC was found to predict the achievement of lasting weight loss (McCaffery et al, 2009) , and less activation in the PFC in another paradigm with food stimuli predicted higher food intake in the following three days (Cornier et al, 2010) . Neuromodulation of the PFC with non-invasive brain stimulation techniques (ie transcranial magnetic stimulation, transcranial direct current stimulation) has been proposed as a possible treatment modality in obesity (Alonso-Alonso, 2013; Gluck et al, 2015) , therefore investigating which regions of the PFC affect BMI could reveal potential targets for development of novel treatment approaches.
Cortical thickness is a relatively novel brain measure, which is thought to be more specific and biologically relevant than cortical volume, since cortical volume is a composite measure reflecting both cortical thickness and cortical surface area (Winkler et al, 2010) . Cortical thickness and cortical surface area are genetically independent features and should probably be analyzed separately whenever possible (Panizzon et al, 2009; Winkler et al, 2010) .
Reduction of volumes and cortical thickness have been found in obese subjects in several subdivisions of the frontal cortex: the superior frontal gyrus (Taki et al, 2008; Kurth et al, 2013) , middle frontal gyrus (Pannacciulli et al, 2006) , inferior frontal gyrus (Taki et al, 2008; Walther et al, 2010; Kurth et al, 2013) and orbitofrontal cortex (Cohen et al, 2011; Maayan et al, 2011; Shott et al, 2014) . Importantly, Yokum et al (2012) showed that reduced gray matter volume in the bilateral superior frontal gyrus was related to increased BMI at a 1-year follow-up. Reductions in cortical thickness have also been found in obese subjects in the cingulate cortex, anterior insula, posterior parietal cortex (Hassenstab et al, 2012) , in the superior frontal gyrus and orbitofrontal cortex (Marqués-Iturria et al, 2013) , and within occipital, temporal and parietal areas (Veit et al, 2014) . However, to date no study has investigated how reduction in cortical thickness affects BMI through neurocognitive function. While Yokum et al (2012) hypothesized that reduced gray matter volume in the prefrontal cortex might increase risk of surrendering to tempting high fat/ sugar foods through a reduction in inhibitory control (Yokum et al, 2012) , they did not use neurocognitive measures and therefore could not test this hypothesis.
Identifying a quantifiable mediator (ie inhibitory control) of the impact of PFC alterations on BMI is needed to further enhance translational potential and personalization of novel treatment and prevention strategies across a variety of medical illnesses associated with weight gain.
In the present study, we investigate whether PFC thickness predicts individuals' BMI and whether this relationship is mediated by inhibitory control performance assessed with a neurocognitive task measuring inhibitory control (the 'inhibition' condition of the color-word interference task (CWIT)). Further, we intend to test correlations between a self-report measure of eating disinhibition (the TFEQ 'disinhibition' scale), the CWIT, self-report measures of depression and anxiety (the BDI-II and the STAI-T) and BMI. Based on previous evidence we hypothesized that:
1. cortical thickness will show an inverse correlation with BMI such that reduction in cortical thickness in the PFC will be associated with greater BMI; 2. inhibitory control performance would mediate the relationship between cortical thickness and BMI; and 3. a positive correlation will be found between disinhibited eating (TFEQ), depression and anxiety scores (BDI-II and STAI-T).
MATERIALS AND METHODS

Sample
The current study included adults (see Table 1 for demographic information), reducing obvious confounds associated with developmental differences. Only subjects without current axis I diagnosis were included in the study.
The sample was made available by the Nathan-Kline Institute (NKY, NY, USA), as part of the 'original NKIRockland sample'. All approvals regarding human subjects studies were sought following NKI procedures. Scans were acquired from the International Neuroimaging Data Sharing Initiative (INDI) online database (http://fcon_1000.projects. nitrc.org/indi/pro/nki.html).
All subjects were administered the SCID-I-RV/NP (nonpatient edition) to screen for psychiatric disorders (First et al, 2002) .
Clinical and Cognitive Measurements
Available socio-demographics included age, sex, the Wechsler Abbreviated Scale of Intelligence, the Delis-Kaplan Executive Function System including the Color-Word Inference Task or CWIT (Delis et al, 2001 ), the TFEQ (Stunkard and Messick, 1985) , the Beck Depression Inventory-II (BDI-II) (Beck et al, 1996) , the State Trait Anxiety Inventory-Trait Anxiety (STAI-T) (Spielberger et al, 1970) , the Trauma Symptom Checklist-40 (TSC-40) (Elliott and Briere, 1992 ). The TFEQ is a self-report tool used to measure dimensions of eating behavior. The second dimension, 'disinhibition', measures disinhibited eating following anxiety, depression or loneliness (Stunkard and Messick, 1985) and it is typically elevated in BED (Hsu et al, 2002) .
The CWIT (a modified version of the Stroop task) consists of a series of conditions. In the inhibition condition of the CWIT the subject is asked to name the color the word is written in. However, the colors are printed in an ink that is incongruent with the word (eg, the word 'blue' is printed in red ink). This task condition requires the participant to process task-relevant color information (ink) and inhibit prepotent processing of conflicting task-irrelevant information (word). Performance is measured by completion time: a longer response time reflects worse inhibitory control. In the word reading condition, the subject is asked to read words written in black ink. In the color naming condition, the subject is asked to name the colors of a series of red, green, and blue squares. In our analyses we utilized the reaction time of the inhibition condition as a measure of neurocognitive inhibitory control, and the color naming and word reading reaction times as covariates to control for information processing speed and language/reading ability.
MRI Acquisition Protocol and Pre-Processing
Three-dimensional magnetization-prepared rapid gradientecho imaging (3D MP-RAGE) structural scans (Mugler and Brookeman, 1990) were acquired using a 3.0 T Siemens Trio scanner with TR = 2500 ms, TE = 3.5 ms, Bandwidth = 190 Hz/Px, field of view = 256 × 256 mm, flip angle = 8°, voxel size = 1.0 × 1.0 × 1.0 mm. More details on image acquisition are available at the website provided above. All T1 scans were visually inspected to ensure the absence of gross artefacts and subsequently pre-processed using the Freesurfer software library (http://surfer.nmr.mgh.harvard.edu/) Version 5.3.0 (Fischl, 2012) . The automated segmentation of the prefrontal cortex extracted cortical thickness measures for the following regions: superior frontal cortex, rostral middle-frontal cortex, caudal middle-frontal cortex, pars triangularis, pars opercularis, and pars orbitalis (Desikan et al, 2006) .
We averaged the cortical thickness value for the rostral and caudal middle-frontal thickness to obtain a unique measure for the middle-frontal gyrus; we did the same with the pars triangularis, pars opercularis, and pars orbitalis for the inferior frontal gyrus, and with medial and lateral orbitofrontal cortex to obtain a single measurement of the orbitofrontal cortex, reducing the number of variables, while facilitating hypothesis testing.
Data Analysis
All analyses were conducted with IBM SPSS Statistics (v. 21). Using a linear regression model with cortical thickness measurements of prefrontal regions (superior, middle and inferior frontal gyri, and orbitofrontal cortex), age, and sex as predictors and BMI as outcome, we tested the relationship between cortical thickness and BMI. The regions that were found to predict BMI were then used to test the hypothesis that the relationship between cortical thickness in the PFC and BMI is mediated by inhibitory control performance. Mediation analysis was performed using the PROCESS function in SPSS (Hayes, 2012) . This analysis was conducted with bootstrapping, a resampling procedure that constructs confidence intervals for the indirect effect of the mediator. Bias-corrected bootstrap 95% confidence intervals were obtained with 1000 bootstrapped samples. Subsequent post-hoc analyses included testing associations between the disinhibition scale of the TFEQ and the response time in the inhibition condition of the CWIT (CWIT-inhibition), BMI, BDI-II, and STAI-T.
RESULTS
Subjects' demographic, psychometric, and neurocognitive data are reported in Table 1 . All subjects had at the Wechsler Abbreviated Scale of Intelligence, a Full Scale Intelligence Quotient over 80 (see mean and minimum/maximum values in Table 1 ). Cortical thickness for the subdivisions of the PFC are reported in Table 2 . At the time of data acquisition from the NKI database, T1-weighted MRI scans were available for 141 subjects. Nine subjects were excluded from the analysis because their CWIT inhibition was unavailable. One subject was excluded because of missing weight and height (necessary to calculate BMI). Twenty-three subjects were excluded because younger than 18 years of age. Sixteen subjects were excluded due to presence of Axis I psychiatric diagnosis. One subject was deemed an outlier based on CWIT inhibition score (reaction time was more than six SDs higher than the mean) and excluded from the study. The final sample, on which the analyses were performed, included 91 subjects. All IDs of excluded and included subjects, with reasons for exclusion, are reported in the Supplementary Information.
Multiple Linear Regression Model
We fitted a regression model using the cortical thickness measurements of the superior, middle and inferior frontal Frontal cortex affects BMI through inhibitory control L Lavagnino et al gyrus, orbitofrontal cortex, age, and sex as predictors and BMI as the outcome variable of interest. The omnibus model was statistically significant (F = 2.72; p = 0.006; R 2 = 0.25), with cortical thickness in the right superior frontal gyrus being a significant predictor (β = − 0.91; t = − 3.2; p = 0.002) (Figure 1 ). Other regions of interest were non-significant (p40.05).
Mediation of the Effect of Cortical Thickness in the Right Superior Frontal Gyrus on BMI by Inhibitory Control
We tested our mediation hypothesis with a mediation model, in which inhibitory control (as measured by the CWITinhibition) was postulated to mediate the relationship between cortical thickness in the right superior frontal gyrus (the only significant predictor of BMI in the multiple linear regression model) and BMI (Figure 2 ). Cortical thickness in the right superior frontal gyrus had an inverse relationship with BMI (β = − 9.7, p = 0.01, 95% CI = − 17.1, − 2.2) (Figure 2, Supplementary Figure 1 (Figure 2, Supplementary Figure 3) . The bootstrap analysis of the indirect effect of cortical thickness on BMI showed a bias corrected confidence interval excluding zero (95% CI = − 6.1, − 0.67), demonstrating the presence of an indirect effect of cortical thickness on BMI.
Notably, the direct effect of cortical thickness on BMI, controlling for CWIT-inhibition reaction time, was no longer significant (95% CI = − 14.5, 1.01) (Figure 2 ), indicating that CWIT-inhibition reaction time fully mediates the relationship between cortical thickness in the right superior frontal gyrus and BMI. In order to control for confounding factors, the model was run again using word reading reaction time, color naming reaction time, and the Trauma Symptom Checklist-40 Total Score (TSCL-40) as covariates. The model confirmed the presence of an indirect effect (95% CI = − 6.5, − 0.6), with a non-significant direct effect (95% CI = − 14.7, 1.1), confirming full mediation when controlling for these factors.
Relationship between the Disinhibition Scale of the TFEQ and BMI, BDI-II and STAI-T
The correlation matrix between the four variables of interest is reported in Table 3 . The TEFQ 'disinhibition of control' eating scale shows a positive correlation with the BDI-II (r = 0.33, p = 0.001) and to the total score of the STAI-T (r = 0.26, p = 0.013). No correlations are shown between the TEFQ disinhibition and the CWIT-inhibition reaction time, with BMI, or with right superior frontal gyrus thickness (p40.05 for each). Applying a Bonferroni correction for multiple comparisons the correlation between the TFEQ disinhibition of control scale score and the BDI-II remained significant, while the correlation with the STAI-T did not.
DISCUSSION
We report for the first time that the relationship between cortical thickness of the right superior frontal gyrus and BMI Frontal cortex affects BMI through inhibitory control L Lavagnino et al is completely mediated by CWIT-inhibition reaction time, a measure of inhibitory control, in a population of adult healthy subjects. In other words, inhibitory control entirely accounts for the effect of cortical thickness in the right superior frontal gyrus on BMI (Hayes, 2012) . This finding is consistent with the known role of noradrenergic circuits of the PFC in inhibitory control (Szczepanski and Knight, 2014; McKee et al, 2015) and with previous findings of reduction of the cortical thickness in the superior frontal cortex in obesity (Marqués-Iturria et al, 2013). Impairments in Stroop task performance have been shown to be related to reduced dietary adherence (Allan et al, 2011) , and to weight gain over a 3-month period (Hotham and Sharma, 2015) . Yokum et al (2012) showed that reduced gray matter volumes in the superior frontal gyrus were related to increases in BMI after 1 year of follow-up. The authors hypothesized that gray matter reduction could lead to reduced inhibitory control towards eating foods rich in fat and sugar. The latter may result in a high BMI and ultimately contribute to the development of obesity. Our findings support this hypothesis. Reduced PFC cortical thickness is likely to lead to a failure of the frontal circuits to inhibit orexigenic areas, resulting in failure to dampen hunger and terminate feeding (Le et al, 2007) . We included in our analyses several potential confounding variables (color naming and word reading reaction times; the TSC-40) to control for information processing speed and language/reading ability, and to control for the effects of past trauma, which have been shown to affect the frontal cortex, thus eliminating several potential sources of bias. These analyses point to a specific role of reduced inhibitory control performance in mediating the relationship between reduced cortical thickness and BMI.
Furthermore, in our study CWIT-inhibition was associated with BMI, while the TFEQ eating disinhibition score was not. Conversely, the TFEQ eating disinhibition score correlated to anxiety and depression scores, but not to BMI. These results are consistent with a growing body of evidence that links inhibitory control (assessed with tasks like the Stroop, the Go/No Go and the Stop Signal task) to BMI (Nederkoorn et al, 2006; Mobbs et al, 2011; Fagundo et al, 2012; Calvo et al, 2014; Chamberlain et al, 2015; Grant et al, 2015) and to changes in BMI over time (Nederkoorn et al, 2007; Pauli-Pott et al, 2010; Kulendran et al, 2014) . The correlations we identified between TFEQ, BDI, and STAI-T are consistent with the known properties of the TFEQ to measure disinhibited eating behavior occurring in the context of depression and/or anxiety (Stunkard and Messick, 1985) . TFEQ-inhibition scale scores have been shown to be higher in extremely obese subjects with BED compared with equally obese controls, suggesting that disinhibited eating behavior is more strongly related to binge eating than to obesity per se (Hsu et al, 2002) . The lack of correlations we identified between CWIT-inhibition reaction time and TFEQ eating disinhibition score is in line with findings from studies of group comparisons between equally obese subjects with and without BED, which failed to find between-group differences in inhibitory control performance (Davis et al, 2010; Wu et al, 2013; Mole et al, 2014) . Taken together, these findings support the hypothesis that binge eating might be maintained by cognitive factors distinct from those of obesity (Manasse et al, 2015) .
Further, we found that inhibitory control performance (assessed with CWIT-inhibition reaction time) was related to BMI but was not associated to depression, anxiety, and disinhibited eating. These findings suggest that it might be necessary to utilize treatments targeted to overweight and the regulation of eating behavior that differ from treatments that are effective for binge eating. A dissociation between eating disinhibition and general inhibitory control would account for the well-replicated clinical finding that successful treatment of binge eating either with selective serotonin reuptake inhibitor (SSRIs) or with cognitive behavior therapy does not usually lead to weight loss (Reas and Grilo, 2008; Capasso et al, 2009; McElroy et al, 2012) . In order to obtain improvements in weight, different treatment strategies are needed: facilitating PFC activation might be a promising target. Lisdexamfetamine, a psychostimulant, has been recently approved by the Food and Drug Administration (FDA) for the treatment of BED. Given that psychostimulant drugs are known to increase PFC function and facilitate inhibitory control (Solanto, 1998; Spencer et al, 2001) , future longitudinal studies should investigate the effects of this treatment on neurocognitive function and BMI in obese subjects with BED, in addition to its proven efficacy on binge eating (McElroy et al, 2015) .
Our study is the first to investigate the relationship between PFC, inhibitory control, and BMI in adults. A previous study in a sample of adolescent subjects found a positive correlation between the TFEQ-inhibition scale and the BMI and a negative correlation with the Stroop colorword score and with orbitofrontal (OFC) volume (Maayan et al, 2011) . The discrepancy of these findings might be due to several factors. Maayan et al (2011) chose a different region of interest (they focused the analysis on the OFC), and a different measurement (gray matter volume instead of cortical thickness). Moreover, the pattern of late maturation of frontal regions in adolescence (Sowell et al, 1999) , and relevant differences in inhibitory-control related activation of the PFC in adolescents compared with adults (Rahdar and Galván, 2014) might be responsible for the discrepancy between Maayan et al's and our results. Our findings point to opportunities for the development of novel treatment options for obesity and BED. For instance, the right PFC could be a target for non-invasive brain stimulation treatments aimed to improve inhibitory control performance and facilitate dietary self-control (Alonso-Alonso, 2013; Maranhão et al, 2015) . If our findings hold true in future replications, the right superior frontal gyrus should be considered a promising candidate for modulatory techniques.
Furthermore, inhibitory control training could be added to treatment programs for obesity. Recent studies provide preliminary evidence that inhibitory control training interventions can reduce food consumption in laboratory settings (Houben, 2011; Delgado-Rico et al, 2012; van Koningsbruggen et al, 2014; Lawrence et al, 2015) . Performing general inhibitory control tasks on a regular basis leads to increased activity in the PFC, learning, and rapid plasticity processes (Chambers et al, 2009 ) that could offset in part the negative effects of low cortical thickness on BMI.
While our findings are novel and robust, it is important to point out some methodological limitations of our study. Although we believe that the current results bear relevance for obesity in BED, it is noteworthy that none of the subjects included in this study had been diagnosed with BED. However, high scores in the TFEQ-inhibition scale have been shown to characterize BED subjects (Hsu et al, 2002) . This is consistent with recent studies that suggest the existence of a continuum construct of uncontrolled eating (Vainik et al, 2015) . Drawing on these considerations, we believe that the relationships between TFEQ, inhibition scale scores and other variables are likely to be replicated in subjects with BED. Given that our data are cross-sectional, we cannot rule out that reduced cortical thickness might also be a consequence of obesity. However, the study of Yokum et al (2012) showed that reduced gray matter volumes in the superior frontal gyrus and middle frontal gyrus were related to future increases in BMI after a follow-up of one year. For this reason, we believe that our interpretation is plausible. Nevertheless, longitudinal studies are needed to conclusively clarify the causal mechanisms that link cortical thickness, inhibitory control, and weight gain. We analyzed the data using BMI as a continuous dimension because dividing the sample in different BMI groups (eg normal weight, overweight, and obesity) and then performing the analyses would reduce sample size and the power of the analyses. Future studies with a larger sample size should perform separate analyses for different BMI classes (eg normal weight, overweight, and obesity) in order to test whether the relationship between cortical thickness and BMI differs between these groups, or between different degrees of obesity. We did not find an association between BMI and disinhibition that has been shown in some previous studies (Bryant et al, 2008) . This could be due to the exclusion of subjects with Axis I diagnoses, resulting in low average disinhibition scores (average = 3.6, see Table 1 ). It is possible that a sample of subjects with diagnosed Axis I disorders might show an association between disinhibition and BMI; further studies on different patient populations might clarify this issue.
In conclusion, we provided evidence of an inverse relationship between cortical thickness in the right superior frontal gyrus and BMI. This relationship was completely mediated by CWIT, a critical and well-validated measure of inhibitory control performance. Furthermore, in the sample presented, disinhibited eating behavior correlated with depression and anxiety but not BMI.
Taken together, our results provide a framework to characterize behavioral and neurocognitive phenotypes of obesity. The relationship between neuroanatomical (subregional PFC thickness) and neurocognitive variables (CWIT) holds substantial promise for facilitating development of innovative and more effective patient-oriented treatment and prevention strategies in weight-related syndromes.
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